Purpose: Radiotherapy with or without chemotherapy is the primary treatment for patients with nasopharyngeal carcinoma (NPC). It wastes time from diagnosis to treatment. Treatment time of radiotherapy generally takes at least seven weeks. The current study aimed to evaluate factors associated with prolonged wait time and longer duration of radiotherapy in NPC patients.
Introduction
Nasopharyngeal carcinoma (NPC) is endemic in Southeast Asia, with an annual incidence of 6.17 per 100,000 in Taiwan; its annual incidence in Western countries, by contrast, is ,1 per 100,000 [1] . Radiotherapy with or without chemotherpy, which has long been the primary treatment for NPC, varies slightly in treatment modalities [2, 3] . Although NPC is highly radiosensitive, a high failure rate is noted in patients with advanced stage. Treatment stratigies and some time factors, such as wait time or length of treatment, have yet to be optimized [4] [5] .
The impact of time delay on disease control has been investigated in patients with head-and-neck cancers [6] . Moreover, a previous report showed that a treatment delay of.40 days was significantly associated with poorer survival rates in early-stage head-and-neck cancer patients [7] . A longer course of radiotherapy may result in poor disease control in early-stage NPC patients (.12 weeks) or early-stage head-and-neck cancer patients (.7 weeks) [8, 9] . It is important to raise awareness of time delay and prolonged treatment time for decision makers in clinical practice. At present, it remains unclear which factors are associated with time delay and a prolonged duration of radiotherapy in NPC.
We used the nationwide claims data from Taiwan's National Health Insurance (NHI) research database to analyze NPC patients who received radiotherapy between 2008 and 2011. This database provides basic demographic data as well as hospital characteristics, patient characteristics and treatment modality. We sought to identify key factors associated with prolonged wait time and a longer duration of radiotherapy in NPC patients. In terms of improving treatment effects, we hope these information may help to improve future public health stategies and welfare policies.
Patients and Methods

Ethical consideration
This study was approved by the Institutional Review Board of Buddhist Dalin Tzu Chi General Hospital, Taiwan. Review board requirements for written informed consent were waived because all personal identifying information was removed from the dataset prior to analysis.
Study population
We inspected 5,026 NPC patients who received radiotherapy from Taiwan's NHI research database between 2008 to 2011. Taiwan's NHI program covered 99% of the population after 2003, with chart reviews and patient interviews used to verify the accuracy of diagnosis and treatment coding. Patients who received induction or systemic chemotherapy as the initial treatment were excluded except those who received chemotherapy within 14 days prior to radiotherapy. We also excluded patients who were treated for second irradiation. This left 3,605 patients who matched the inclusion criteria for this study. Basic data collected included wait time, duration of radiotherapy, hospital characteristics, gender, age, treatment modality, Charlson Comorbidity Index Score (CCIS), and patient socioeconomic status (SES).
Treatment modality
Concurrent chemotherapy regimen mostly used in Taiwan is cisplatin 100 mg/m 2 every 3 weeks for 3 cycles or weekly cisplatin 40 mg/m 2 , followed by adjuvant cisplatin-based chemotherapy (cisplatin 80 mg/m 2 D1, 5-FU 1000 mg/m 2 D1-4, repeat cycle every 4 weeks for 1-3 cycles). External beam irradiation of 66-78 Gy was delivered in 33-39 fractions daily using threedimensional conformal radiotherapy or intensity-modulated radiotherapy.
Wait time and duration of radiotherapy
Wait time was calculated from the date of diagnosis to the start of radiotherapy. We used the cutpoint of.4 weeks to define prolonged wait time. Duration of radiotherapy was calculated from the start of radiotherapy to the end of radiotherapy. We used the cutpoint of.10 weeks to define longer duration of radiotherapy.
Other covariates
SES and urbanization of residence were taken from insurance premiums, using income in Taiwan and urbanization variables previously described [10] . Patients were classified into 3 subgroups: high SES (civil servants, full-time or regular paid personnel with a government affiliation or employees of privately owned institutions), moderate SES (self-employed individuals, other employees, and members of the farmers' or fishermen's associations), and low SES (veterans, low-income families, and substitute service draftees). Severity of comorbidity was based on the modified CCIS as recorded before the diagnosis of NPC. The CCIS is a widely accepted scale used for risk adjustment in administrative claims data sets [11] . Different level of hospitals may have inequalities in treatment delay and clinical management during radiotherapy. The hospitals were categorized by hospital teaching level (medical center, regional hospital, or district hospital) or hospital ownership (porfit, non-profit, or public). The geographic regions were recorded as northern, central, southern, and eastern Taiwan.
Statistical analysis
The key dependent variables of interest were wait time and duration of radiotherapy. The distribution of diseases was described and compared using chi-squared testing. The continuous variables were compared with one-way ANOVA test. Patient characteristics (age, gender, individual SES, CCIS, urbanization and region of patient residence) and hospital characteristics (including ownership and teaching level) were included in the regression model. In this series, the herarchical linear regression method was used due to the potential clustering effect within a hospital. A hospital-level random effect might account for possible correlations between the wait time and duration of radiotherapy within a hospital's panel. A two-tailed value of p,0.05 was considered significant. All statistical operations were performed using SPSS (version 15, SPSS Inc., Chicago, IL).
Results
A total of 3,605 NPC patients in Taiwan received radiotherapy from 2008 to 2011. Table 1 summarizes the basic demographic characteristics of these patients. In all, 317 patients (8.8%) had wait times greater than 4 weeks. There were 1404 patients (38.9%) who had longer duration of radiotherapy. The mean duration of radiotherapy is 7.68 weeks and 10.16 weeks in patients who received radiotherapy alone and concurrent chemoradiotherapy (CCRT), respectively. Most patients (87.5%) were younger than 65 years. More than half of patients (59.1%) were treated at a medical center. Most, or 2,970 patients (82.4%), received CCRT. Approximately 15.9% of all patients had low SES. Most patients (72%) had lower CCIS. The mean wait time and duration of radiotherapy were 1.7863.33 and 9.7267.27 weeks, respectively (Table 2) .
Wait time
Univariate analysis revealed that wait times were prolonged in patients older than 45 years, those who received radiotherapy alone, those with higher CCIS, those with low to moderate SES, and those who did not live in northern Taiwan.
After adjusting for patient and hospital characteristics, the hierachical linear regression revealed significant factors assoicated with wait time as the followings: for those age 45-65 years was 0.25 week longer than those age less than 45 years (p = 0.03); for those with RT alone was 1.78 week longer than those with CCRT (p,0.001); for those with higher morbidities was 0.72 week longer than those with lower comorbidities (p,0.001); for those with low SES was 0.34 week longer than those with high SES (p = 0.029) and those in eastern area was 1.29 week longer than the northern area ( Table 3) .
Duration of radiotherapy
Univariate analysis revealed a longer duration of radiotherapy in patients who received CCRT, with a mean of 10.16 weeks; in those with higher CCIS, with a mean of 10.62 weeks; and in those with low or moderate SES, with a mean of 10.04 weeks.
After adjusting for patient and hospital characteristics, the hierachical linear regression revealed significant factors assoicated with duration of radiotherapy as the followings: for those with RT alone was 2.42 week shorter than those with CCRT (p,0.001); for those with higher morbidities was 1.08 week longer than those with lower comorbidities (p,0.001); for those with moderate SES was 0.65 week longer than those with high SES (p = 0.021) ( Table 3) . 
Discussion
Our study demonstrated that higher CCIS was an independent factor for both prolonged wait time and longer duration of radiotherapy in NPC patients. Lower SES was an independent factor for time delay but not for duration of radiotherapy. CCRT was associated with the greatest duration of radiotherapy, prolonging treatment 2.42 weeks more than radiotherapy alone.
The strengths of our study include the endemic nature of NPC in Taiwan, allowing for the collection of a large sample size to make valid estimates and compare treatment modalities. Moreover, the NHI research database captures complete follow-up information, provides comprehensive health care benefits with a moderate cost sharing, and records all treatments. Ongoing validation of the NHI research database is conducted via comparison of chart-based and claims-based records [12] . To avoid causes of delay not identified in our study, we excluded patients with an interval of more than 120 days between diagnosis and start of radiotherapy. To our knowledge, this is the first study investigating the association between time factors and hospital characteristics, patient characteristics, and treatment modality in NPC patients.
As cancer incidence has increased in various parts of the world, so has the demand for radiotherapy for each type and stage of cancer [13, 14] . Radiotherapy facilities are available worldwide, but are often inadequate to the population demands placed on them. In Taiwan, the nearly 60 radiotherapy facilities provide medical care for more than 20 million people. Taiwan's NHI program has provided for the medical needs of Taiwan for 20 years. Nevertheless, treatment delays are common. Similarly, Round et al.
[13] compared predictive models for radiotherapy demand. The Methus model estimated a 13.1% increase in need for radiotherapy between 2011 and 2016. In general, treatment delays may result from health policy, patients themselves, or hospital characteristics. In our study, we did not find any significant difference in wait time between medical centers and other types of hospitals. Furthermore, alternating radiotherapy helps to relieve the burden on the system and shorten the wait time. However, such treatment is not indicated for certain cancers.
A literature review reported a negative impact of comorbidity on incidence of treatment complication, quality of life, increased cost of treatment and survival [15] . Assessment of comorbid diseases should be an important part in clinical practice. Moreover, the impact of comorbid diseases on therapeutic decision-making in head and neck cancer has been reported [16] . Comorbidity was assessed with Adult Comorbidity Evaluation (ACE-27) and Charlson Comorbidity Index (CCI). Results showed moderate to strong positive correlation between comorbidity and change in therapeutic decision-making. In our study, higher CCIS is an independent factor for both prolonged wait time and longer duration of radiotherapy in NPC patients. It is important to correct any underlying comorbid diseases prior to and during radiotherapy. Moreover, radiotherapy is a local treatment. The most common treatment-related side effects which lead to unplanned treatment interruptions are severe mucositis and skin reaction. The recovery time depends on the degree of the injury. Some comorbid conditions are associated with delayed wound healing, especially poor nutritional status, vascular disease, and diabetes mellitus [17] . Since the exact cause of treatment interruptions in our study is unknown, possible causes have been discussed using Charlson Comorbidity Index Score instead of a specific comorbid disease. A recently published study has developed a revised comorbidity index for head and neck cancer patients [18] . It is worth investigating this revised comorbidity index in NPC patients in future studies.
In fact, patients with low SES have inequalities in health. They have delays in diagnosis, are offered different treatment modalities than those with higher income, and experience inferior outcomes to those of patients with higher SES, mostly shown in research on breast cancer [10, 12, 19] . A systemic review shows that patients from lower social classes receive significantly less positive socioemotional utterances, a more directive and a less participatory consulting style, characterized by by significantly less information giving, less directions and less socio-emotional and partnership building utterances from their doctor [20] . In Taiwan, SES does not affect the medical care patients receive, as all receive universal health insurance which reimburses hospitals directly for care. Even so, patients in our study who had low SES had significantly prolonged wait times over others. Thorough communication between doctors and patients is crucial so that mutual understanding can be achieved to improve patients' compliance, thereby reduce prolonged wait times, especially in low SES patients. An early report from Hong Kong confirmed that interruptions in and prolongation of treatment adversely affect outcomes in radiotherapy for NPC [21] . Other studies have also demonstrated the impact of a longer duration of radiation treatment on local failure risk and overall survival in patients with NPC and other types of head-and-neck cancers [8, 9, 22] . However, there is little evidence to suggest which factors are associated with prolonged duration of radiotherapy. To find a possible correlation, we looked in this study for factors associated with prolonged radiation treatment time. CCRT was associated with the greatest duration of radiotherapy in this study. In general, acute toxicity caused by radiation and chemotherapy is responsible for this. Concurrent chemotherapy would increase acute toxicity over that of radiotherapy alone. Supportive medications to improve symptoms such as odynophagia and severe skin reaction should be provided as early as possible. Kim et al. [23] reported a prescription of a 3-week cycle of 100 mg/m 2 cisplatin prolonged treatment 1.8 weeks more than weekly cisplatin 30 mg/m 2 . Current evidence suggested no difference in survival between the two chemotherapy groups. In our study, concurrent chemotherapy regimen mostly used is either cisplatin 100 mg/m 2 every 3 weeks for 3 cycles or weekly cisplatin 40 mg/m 2 . Weekly Cisplatin that causes less complications may be effectively used to avoid treatment interruptions, thereby shorthen the radiation treatment period.
This study has three potential limitations. Firstly, cancer stage was not obtained. However, we excluded patients who had potentially distant metastases by capturing information on the interval between initial chemotherapy and radiotherapy. In fact, the association between cancer stage and time factos has not yet to be identified from previous literatures. Secondly, the diagnosis of NPC and the record of comorbid conditions are dependent on ICD codes. Different coding quality between different levels of hospitals may result in bias. Finally, the assoicaiton of time factors ad NPC outcomes were not explored in this series, and we will lanuch a new study in the furure. However, the NHI program in Taiwan reviews selected charts to verify the accuracy of diagnosis and treatment coding.
Conclusion
Radiotherapy is a multi-step, time-consuming treatment. It is difficult to determine whether the time delay related to health policy, patient factors, hospital characteristics, or some combination of these. With available administrative data, we found significant factors associated with prolonged wait time and longer duration of radiotherapy in patients with NPC. Our study may help healthcare providers and those responsible for health policy better understand this patient population and even apply these results to those with other head-and-neck cancers so as to make informed decisions on how to reduce wait time and length of treatment in the future. The impact of both wait time and duration of radiotherapy on survival remains to be investigated.
